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LOI MO DAU
Trong bdi canh thuong mai dién ti ngdy cang phat trién manh mé, cic dng dung mua
sam truc tuyén trd nén phd bién va thu hit hang triéu ngudi dung tai Viét Nam ciing nhu
trén thé gi6i. Shopee hién dang 1a mot trong nhiing ting dung thuong mai dién ti hang
dau Viét Nam v6i hon 50 triéu ludt tai vé va hang triéu lugt danh gid cta khach hang.
Diéu nay cho thiy Shopee thuc su c6 anh hudng 16n dén thi trudng mua sam online ciing
nhu trai nghi€ém cua ngudi ti€u dung. Ngoai ra, v6i su thuan ti€n va linh hoat ma Shopee
mang lai, né gitp ngudi dung dé dang lya chon va mua sim véi hang nghin san phdm da

dang tif cic nha cung cap khic nhau.

Tuy nhién, d€ duy tri su ting trudng va nang cao vi thé ctia minh, Shopee can khong
ngling cai thién trai nghiém khach hang thong qua viéc lang nghe va tiép thu cic phan
hdi. Do y kién phan hdi clia ngudi ding 12 ngudn thong tin quy bau gidp nha phat trién
nam dugc thong tin vé chét luong va trai nghiém ngudi dung trén ing dung ctia minh.
Nhan thifc dudc tAm quan trong d6, nhém thuc hién nghién cifu dé tai Phan tich cam
xtc nguoi dung dua trén danh gia @¥ng dung Shopee trén nén tang Google Play.
Thong qua viéc phan tich mot cach ty dong céac binh luan cua ngudi dung d€ xac dinh
cam xuc 1a tiéu cuc hay tich cuc, nghién citu ndy dé xuit mo hinh phan loai cdm xiic
ngudi dung gidp hiéu rd hon vé mong mudn, nhu cau, va cdm xiic clia ngudi dung ddi
v6i ing dung Shopee. Qua d6 giip nha phat trién nhanh chéng cip nhat ing dung kip
thoi dé dap ing mong ddi ngly cang cao tlf phia ngudi dung.

Nhém ciing xin gt 18i cdm on dén Thay Ping Ngoc Hoang Thanh di truyén dat nhiing
kién thifc va kinh nghiém quy bau ctia minh gép phan 1am cho bai do 4n két thiic mon
hoc ctia nhém trd nén hoan chinh. Trong qu4 trinh 1am d6 4n vAn con céac han ché, sai
s6t, chua t6i uu vé mit kién thic va k¥ ning. Nhém ching em mong nhéin dudc su phan

hdi, nhan xét ctia Thay dé nhom c6 thé cai thién dudc bdo cdo tdt hon nita.



1 CHUONG 1: TONG QUAN
1.1 Vai tro va y nghia caa Xu ly ngén ngwr tu nhién

Xt ly ngon ngt tu nhién (Natural Language Processing — NLP) 1a mot nhanh cuc ky
quan trong cta Tri tué nhan tao (Al), 1a giao di€m ctia Ngon ngii hoc, Khoa hoc Mdy
tinh va AI dugc hinh thanh 1an dau tién vao thap nién 1950s [31]. Ung dung ctia NLP
dong vai trd then chét trong viée cai thién kha ning giao tiép gitta ngudi va mdy, su phat
trién nhanh chéng ctia cdc thiét bi thong minh, trg ly 2o, cac giai phap ddm may, ciing
nhu nhu cau tuong tic véi mdy tinh bang ngdn ngi tu nhién ngay cang ting. NLP lam
nhiém vu xt 1y va phan tich mot luong 16n dit liéu ngén ngit tu nhién dé€ bat chude cac
tuong tac gitta con ngudi theo cach giéng con ngudi mot cach nhanh chéng va chinh xac.
Mot hé thong NLP tdt c6 thé hiéu dude noi dung clia vin ban, bao gdm ca ngit canh va
cam xuc trong van ban. Nhd kha ning hiéu dugc ngit canh va cdm xitic trong van ban,
NLP md ra nhiéu co hdi phat trién va cé y nghia quan trong trong viéc dua ra cac quyét
dinh dua trén dit liéu vin ban cho nhiéu linh vuc nhu y té, tai chinh, gido duc.

1.2 Gidi thiéu dé tai

Su xuét hién cla cic trang thuong mai dién ti da danh ddu mot budc tién méi, mang
theo nhiing thay doi dang k€ trong qua trinh giao dich hang héa. Cong nghé da déng vai
tro quan trong trong viéc lam cho moi quy trinh tré nén thuan tién va nhanh chéng, chi
can vai ct nhip chuot 1a giao dich di dudc hoan tit. Nhitng nén tdng thuong mai dién ti
noi bat nhu Shopee, Lazada, Tiki khong chi don thuan 1a noi mua ban, ma con mé rong

chuc ning cho phép ngudi mua danh gid sin phdm ngay sau khi nhan hang.

Diéu dic biét § cac san thuong mai nay 1a kha ning thu thap va phan hoi y kién tit cong
dong truc tuyén, gitp doanh nghiép theo ddi hanh vi mua sam, nhan biét s thich, va
danh gia su hai long ctia ngudi dung vé chat luong san phdm va dich vu. Va ciing chinh

cac ing dung 13 niy 12 san phadm & trén cac nén tang khac vi du nhu Google Play.

Trong thdi dai cong nghé dudc phat trién hang dau, nhu cau tu dong hoéa viéc thu thap
va khai thac y kién binh luin trd nén ngay cang quan trong, dic biét doi véi nhitng nha
dau tu va doanh nghiép quan tim dén Sentiment Analysis and Classification. Diéu nay
12 do kha niing thu thap thong tin da dang tif hang triéu y kién trén mang, gitp hiéu rd
nhu cau va quan diém ctia ngudi tiéu dung d6i vdi san phadm va dich vu. Véi nhiing thong
tin thu thap dudc, doanh nghiép c6 thé hiu o hon vé yéu cau va mong mudn cia thi
truong. Thong qua viéc nam bat y kién ctia ngudi dung, doanh nghiép c6 thé tbi uu hoa
san pham va dich vu ctia minh, tir d6 d4p dng tot hon nhu cau ctia ngudi dung ciing nhu

cai thién va khic phuc cac nhude diém con hién hitu.



1.3 Muc dich dé tai

Bai bdo cdo tap trung vao nghién ciu mo hinh phan tich cam xuc va xt ly ngoén ng tu
nhién, thuc nghiém dé xuat két qua du doén trén tap di liéu tiéng Anh 12 binh luin cia
ngudi dung vé trén nén ting Google Play vé ting dung thuong mai dién tif Shopee. Bo dit
liéu Shopee App Review dau tién sé dudgc tién xi 1y va truic quan hoa & Chuong 2. Tiép
theo, co sd 1y thuyét clia cac md hinh may hoc cho bai toan phan loai cAm xtc va cch

huén luyén st dung thu vién NLTK ! sé dudc trinh bay tai Chuong 3.

Binarize the label
NLTK Tokenizer Maximum Entropy
remeve T
Machine Learning models
Remove punctuations
- . Deploy on web via
Remove Emoji RoBERTa Tokenizer RoBERTa Gradio

RoBERTa model

Remove Stopwords
TRAINING PHASE

Hinh 1: Tong quan quy trinh thuc hién

Local Ul

DEPLOYMENT

PREPROCESS

Chuong 4 trinh bay ly thuyét mo hinh RoOBERTa va cach huin luyén st dung thu vién
PyTorch 2. Chi tiét vé két qua phan 16p ciia cic mo hinh sé dudc trinh bay tai Chuong
5, cac md hinh da dudc sé dugc trién khai véi giao dién truc quan trén ting dung va web
tai Chuong 6. Cudi ciing, nhém tién hanh tdng két cac két qua dat dugc ciing nhu hudéng
phét trién cho d6 an tai Chuong 7. Hinh 1 thé hién téng quan céc budc nhém da thuc

hién trong pham vi do 4n.

"https://www.nltk.org/
’https://pytorch.org/


https://www.nltk.org/
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2 CHUONG 2: TONG QUAN VA TIEN XU LY DU LIEU

2.1 Tong quan va truc quan hoa dir liéu Shopee App Review

2.2 Tong quan b dit liéu

B0 du liéu Shopee App Review thu thip cac thong tin danh gia tich cuc va ti€u cuc trén

Google Play ctia Shopee Singapore. B dif liéu bao gom 12 thudc tinh va 7404 dong.

Céc thudc tinh ¢ thé dugc mo ta nhu sau:

STT | Tén thudc tinh Y nghia
1 | reviewld Ma nhén dang duy nhét cta bai danh gia
2 | userName Tén tai khoan
3 | userImage Lién két dén anh dai dién cta ngudi dung
4 | content No6i dung cua bai danh gia
5 | score S6 sao ma ngudi dung danh gia (1-5)
6 | thumbsUpCount S6 luong ngudi thich bai danh gia
7 | reviewCreatedVersion | Phién ban ting dung
8 | at Ngay va gio viét bai danh gia
9 | replyContent Phan hdi ctia Shopee cho bai danh gia
10 | repliedAt Ngay va gid Shopee tra 16i
11 | sort_order Cho biét dit liéu 14y tit phan “Lién quan nhat” hay “Mdi
nhat” trén Google Play
12 | app_id URL nai danh gia dugc thu thap

Bang 1: M6 ta thudc tinh cia di liéu danh gia

2.3 Tién xit Iy dif liéu
2.3.1 Nhi phin héa diém s6
Pau tién nhém xdc dinh ngudng cho 2 miic ddnh gia 12 tiéu cuc va tich cuc, véi cac danh

gi4 c6 sao thap hon 3 sao dudc xem tiéu cuc va gan nhin 12 0, cac danh gid tir 3 sao dén

5 sao dugc xem la tich cuc va gan nhan Ia 1.

threshold = 3

df ['target'] = (df['score'] > threshold).astype(int)
df = df [['content', 'target']]

df .head ()




2.3.2 Tién x& Iy viin ban
Nhém tién hanh tién xit 1y theo cic budc nhu sau:

Dau tién sé chuyén d6i tt ca cac chif cdi trong vin ban thanh chit thuong 12 mot phuong
phdp tién xu ly dif liéu phd bién trong qua trinh lam sach dit liéu. Budc nay gitp dam
b4o su nhat quan, khong phu thudc vao viéc chit cdi viét hoa hay viét thuong, tir d6 gidm

do phiic tap ctia dif liéu va tbi uu héa qua trinh phan tach ti.

Tiép theo nhém tién hanh thay thé cic duong link tif web bang cdc khoang trang vi cac
duong link ndy khong mang lai nhiéu thong tin hitu ich trong viéc phan loai, va ching
con 12 ngudn giy nhiéu. Loai bd cac dudng link con gitip gidm kich thudc cta dit liéu va

lam ting hiéu suét xi ly.

Néu vin ban c6 chita ma HTML, nhém sé tién hanh loai bd thé HTML v6i mong mudn
s& 14y dugc nodi dung vin ban thuin tiy ma khong bi 4nh hudng bdi cac thé dinh dang
hay ma nguén HTML.

Cac ky tu dic biét va s6 khong mang nhiéu thong tin y nghia trong ngit canh dit liéu nay.
Nhém quyét dinh thay thé chiing bang cac khoang trang gidp loai bd nhiéu va ting tinh

tap trung vao cac tu ngl quan trong

Nhém con tién hanh loai bé cac khoang tring du thira giip dong nhit héa khong gian
giffa cac tir. Pong thdi, loai bo khoang trang du thita ciing gitp ting hiéu suit trong qua
trinh xt 1y vin ban, vi c4c thao tac tiép theo nhu tach tit, loai b stop words, hay dao tao
md hinh mdy hoc sé dudc thuc hién trén dit liéu da dudc chuin héa mot cach dong nhat.
Diéu nay c6 thé gidp gidm thdi gian va thi nguyén tinh todn can thiét cho c4c cong doan
xu ly va dao tao mo hinh.

Mot budc quan trong nita trong viéc lam sach dit liéu van ban la loai bo emoji. Emoji
thuong chiém nhiéu byte trong chudi ky tu so vdi cac ky tu thong thudng. Loai bd ching
gidp giam kich thudc cta dit liéu. Ngoai ra né con mang y nghia tuong ddi phiic tao va
gy nhiéu cho cac mo hinh mdy hoc. Bing cach loai bd emoji, dit liéu trd nén tap trung
vao céc yéu té ngdn ngi chinh, gitip mo hinh tip trung vao thong diép ngdn ngit chinh

xac hon.

Tiép theo, bu6c Tdch tir (Tokenize) c6 vai trd quan trong trong viéc chuin héa dau vao
clia vin ban. Piéu nay dudc thuc hién thong qua qud trinh chia vin ban thanh cic don
vi y nghia nhd nhét, con dugc goi 1a tokens. Tokenize 1a bude tién xit Iy quan trong dé
chuén bi dit liéu cho cic budc tiép theo nhu loai bd stop words, vector hda tir, hay huin

luyén cac mo hinh.



Cudi cting nhém thuc hién loai bé cic stop words. Stop words 12 nhém céc tit phd bién
nhu "and", "the", "is",... ¢6 xu huéng xuét hién nhiéu trong vin ban ma thudng khong
mang lai nhiéu y nghia quan trong. Trong nhiéu trudng hdp, chiing 1a céc tif lién quan
dén ngit phap va khong phan dnh thong tin chii dé chinh. Viéc 1am nay dudc xem 13 mot
phan quan trong trong tién xi Iy vin ban, nham giam nhiéu va tip trung vao cic tif quan

trong trong qua trinh xu ly va phan loai van ban.
2.4 Truc quan hoa dur lieu
Nhém sé truc quan 16 hon vé mdt thudc tinh quan trong dudc nhic dén & phan trén chinh

1a cac mic di€m dénh gi4:

Distribution of Scores
2000 2000 2000

2000
o 1500
5.
=
610
1 2 3 4 5

-

o

Hinh 2: Thong ké sb luong danh gia theo sao

Thong qua biéu dd, c6 thé thiy c6 2000 lugt danh gid & cadc mic sao 1a 1, 4 va 5. C6 thé
thAy mot s6 luong 16n ngudi kha hai 1ong va ¢ nhiing trai nghiém tich cuc & dng dung.
Tuy nhién, khong tranh khéi viéc c6 mot s6 ngudi diung da gip nhiing trdi nghiém khong

t6t v6i ung dung & mot sb khia canh.

Ngoai ra, véi cdc mic sao 1a 2 va 3 thi ¢6 sb lugng ngudi ding danh gia thip véi lan
lugt 12 610 va 794. Diéu nay c6 thé cho thiy c6 mot phan dang ké clia ngudi ding khong
hoan toan hai 1ong va ¢c6 mot vai diém can tng dung phai cdi thién hon. Nhiing nhan
dinh trén sé gitip nhém c6 cdi nhin toan dién hon vé su da dang trong trai nghiém ctia

ngudi dung trén tng dung.
Ty 1é phan triim giita Negative va Positive

Thong qua biéu d6 c6 thé thdy sau khi thuc hién cic budc tién xi 1y, nhém thu dudc
dit liéu da dugc gan nhin, véi dit liéu 1a Positive chiém 54% va dif liéu Negative chiém

46%. Su chénh 1&ch nhd nay c6 thé chip nhan dudc trong qua trinh xay dung md hinh.

8



Ty |1& phan tram gilra Negative va Positive

46.0%
Total: 7404
54.0%

Tiép theo, nhém tién hanh xem xét chi tiét hon vé do dai clia cic cAu & ca 2 khia canh

positive va negative.

Distribution of Sentence Lengths (Positive) Distribution of Sentence Lengths (Negative)
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Hau hét cac cau trong danh gia Positive c6 do dai tap trung chii yéu duéi 20 tir. Piéu
nay c6 thé chi ra rang ngudi dung thudng chia sé nhan xét ngan gon va tip trung vao cac
uu diém tich cuc ctia tng dung. Ddi 1ap véi danh gia Positive, danh gia Negative c6 xu
hudéng c6 do dai trai rong hon, kéo dai dén khoang 60 tit. Su phan phdi rong c6 thé chi
ra rang ngudi dung khi phé phan hoic gép ¥ tiéu cuc c6 thé trinh bay chi tiét hon vé van

dé hodc trai nghiém khong hai long cia ho.
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WordCloud

Nhém tién hanh truc quan héa bang WordCloud dé€ xem tan sb xuét hién ctia cic tif trong
cac danh gia mang nhan Positive va Negative. Pau tién sé 12 WordCloud véi cac danh
gia mang nhan Positive:

WordCIoud for Positive Reviews

many q e a S hope u S e ShOP = 2} ] OV Qespecially
ouche " ood a £ o deal
"'qu1te use < fast dellveryg PP * =
_355/ — . i .
ver y =) © _.:‘__recelved e
pulr.chaise B it AR S ;ﬁ
Lond Fu
1atfor online shopping:~
latform nice
’ stutt r‘ellable great app
well W L
good deal i -

tlme S'(lll . betkter shoppee

eat Selle e
sometlme“xp“flpmeg good experience g ‘

order-

C6 thé thy céc tif c6 tan sb suit hién nhiéu nhit 12 good, item, app, easy, great... c6
thé thdy ngudi tiéu ding miéu ta va ddnh gia tich cuc vé ting dung. Ti “good” xuat hién
nhiéu nhét, c6 thé 1a dau hiéu cho su hai long tdng thé. Ti "easy"ciing ddng chu y, 12 mot
tit khéa thuong xuyén xudt hién, thé hién ring ngudi dung danh gid cao tinh don gian va
dé st dung ctia san pham. Piéu nay c6 thé dudc coi 1a mdt yéu td quan trong khi ngudi
dung danh gid tich cuc vé trdi nghiém cda ho vé6i ing dung. Tong thé, WordCloud ctia
danh gia Positive cho thiy mot bic tranh lac quan va tich cuc, dong thi mang lai thong
tin quan trong vé nhitng dic diém ma ngudi ding danh gid va miéu ta tich cuc trong ting
dung.

Céc tif ¢6 tan sb xuat hién nhiéu nhit c6 thé ké dén nhu 1a “refund, app, shopee, item,
even, problem. ..”. C4c tif khéa nhu "refund", "app", va "problem"thudng lién quan dén
chét luong va hiéu suét cta tng dung va dich vu, cho thiy rang ngudi dung c6 thé gip
phai cdc van dé lién quan dén su hoan tra, trai nghiém tng dung, va cic van dé khac. Su
da dang cta cdc tif khéa nhu "refund", "app", "item", "even", va "problem"chi ra ring
c6 nhiéu khia canh khic nhau clia trai nghiém ngudi dung dudc gan nhin negative, bao

gdm ca cdc van dé vé dich vu ngudi dung, sdn pham, va tinh 6n dinh cia ing dung.
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WordCloud for Negative Reviews

product&udN T ls AR w=E 20
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Ch never. 34l : i g (e
badchangelssue © o ;‘A ;':_ ] ShOp
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Bigram

Sau khi thuc hién d4nh gia so bo vé tan suat xuét hién cla tit don trong 2 nhin, nhém
tiép tuc nghién ciu chi tiét vé cac cum tif (cum 2 tir) phd bién nhét trong tap dif lidu.
Viéc nay gitp nhém hiéu r6 hon vé ngit canh va mbi quan hé gilta cic i, tir d6 cung cip

thong tin quan trong vé cach ngudi ding miéu ta va dnh gid tng dung:

Top 20 Bi-grams among Positive Reviews

easy use
online shopping

far good

user friendly
shopping app
shopping experience
good app

great app

fast delivery

good good

shopping platform
good shopping
great shopping

app easy

good experience
app good

customer service
good condition

good deals

easy navigate

0 200 400 600 800 1000
Count

Khi chi tiét héa viéc phan tich cum tit (bi-grams) trong cdc nhan xét dudc gan nhan

Positive, nhém nhan thiy mot s6 cum tif phd bién thudng xuat hién, vi du nhu "easy use",

n.n

"app easy", "easy navigate", ciing nhu "good app",

"n.n "n.n

good shopping", "good experience".
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Tir nhitng cum tif ndy, c6 thé suy dodn rang ngudi dung thudng danh gia cao kha ning st

dung dé dang ctia ting dung va trai nghiém tich cuc khi mua sim qua no.

Top 20 Bi-grams among Negative Reviews

customer service
credit card
phone number
waste time
server error
using app

bad experience
shopee app
make payment
long time
cancel order
online shopping
shopping app
items cart

use app

use shopee
shopee coins
using shopee
welcome gift
payment page

0 200 400 600 800 1000
Count

V6i cac nhan xét mang nhian Negative, viéc phan tich cum tir tiép tuc cho thay cum tit
"customer service"xuét hién nhiéu nhét. Diéu nay chi ra rang cic vin dé lién quan dén
dich vu ngudi dung dang 13 mot diém yéu cla tng dung va can su cai thién. Ngoai ra,
cum tUf nhu "credit card", "make payment", "payment page"chi ra rang c6 nhiing van dé
lién quan dén thanh toan, trong khi "server error""using app", "Shopee app'chi ra ring

c6 cac van dé hé théng can dugc khic phuc.
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3 CHUONG 3: PHAN TICH CAM XUC VA DU POAN BANG CAC PHUONG
PHAP MAY HQC

3.1 Cos6ly thuyét
3.1.1 Naive Bayes Classifier

Naive Bayes 1a mot thuat toan xdc suat cd ban dudc 4p dung rong rii trong linh vuc phan
loai viin ban, trong d6 bao gdm c4 bai toan phan tich cAm xiic. Naive Bayes hoat dong

theo nguyén tic dinh ly Bayes [2]. Trong d6, dinh ly Bayes dudc dinh nghia nhu sau:

P(y|x)P(x)

() M

P(xly) =
Gia su ta co tap van ban d va cac 16p c¢ (trong bai toan phén tich cam xuc, ¢ € {0,1}
tuong ung véi viéc van ban la tich cuc hay tiéu cuc), muc tiéu cua Naive Bayes la tim 16p

¢ sao cho xéc suit P(c|d) 1a 16n nhét, hay:

¢ = argmaxP(c|d) (2)
cE?

Khi nay, bang dinh ly Bayes, ta c6 thé viét lai ham muc tiéu dudc biéu dién & Phuong

trinh 2 cua thuat toan Naive Bayes nhu sau:

P(d|c)P
¢ = argmaxP(cld) = argmaxM = argmaxP(d|c)P(c) 3)
ce¥ ce¥ P(d) €€

Trong d6, d4u bing thi ba xay ra vi ta ¢6 thé xem P(d) nhu mot hing s6 va khong 4nh

hudng dén viéc tim nghiém t6i uu.

Déi v6i thuat toan Naive Bayes, thong tin vin ban dugc chuyén thanh céc feature dang
s6 bing st dung cidc md hinh nhu Bag of Words hoic TF-IDF. Theo do, tif tip vin ban
d ban dau, thong qua cic ki thuat nhu Bag of Words hay TF-IDF, ta sé dudc cic vector
bi€u dién ting ti wy,wy, - - - , W, trong tip vin ban d. Khi nay, phuong trinh 3 ¢6 thé dugc
viét lai duéi dang:

¢ = argmaxP(d|c)P(c) = argmaxP(wi,wy,--- ,wy|c)P(c)
cE? CcETC

Mot dic trung cia thuit todn Naive Bayes 1a gia dinh rang mot thudc tinh cu thé trong

mot 16p 1a doc 1ap vé6i cac thude tinh khac. Trong bai todn phan tich cam xic, diéu nay
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c6 nghia la dong gop cua tung ti cho 16p ctia van ban la doc 1ap véi cac tu khac. No6i
cach khac, véi wi,wa,---w, lan lugt 1a cac vector biéu dién tl ¢ trong tip vin ban va ¢
12 16p ctia viin ban do6, véi gia dinh trén, ta c6 thé viét lai xdc suat xuat hién cda cac tir

Wi, w2 - - Wy biét vin ban thudc 16p ¢ P(wq,ws - - -w,|c) nhu sau:

P(wi,wp---wylc) = P(wi|c)P(wa|c) - P(wylc) = ﬁP(ch)

Mic du gia dinh 14 ngay tho (Naive), mo6 hinh Naive Bayes Classifier to ra hiéu qua dbi
v6i cdc bo dit liéu trén thuc té. V6i gia dinh rang céc tif doc 1ap v6i nhau, ta c6 thé viét

lai ham muc tiéu cia md hinh Naive Bayes nhu sau:

¢ = argmaxP(d|c)P(c)
ceC

= argmaxP(wy,wy,- - wy|c)P(c)
ceC

= argmaxP(wi|c)P(wz|c) - P(wy|c)P(c) (Naive Assumption)
ceC

n
= argmax [ [ P(wilc)P(c)
ceC ;=1

D€ tranh tinh trang underflow khi céac gid tri xdc suét c¢6 gid tri nho nhan v6i nhau dan
dén viéc ham muc tiéu can t6i uvu tién vé 0, ta c6 thé thuc hién viéc lay log cho ham muc

tiéu:

n
¢ = argmaxHP(wi]c)P(c)
ceC =1

n
= argmax log | | P(w;i|c)P(c)
ceC i=1

n
= argmax log | | P(wi|c) +log P(c)
ce —1

l

n
= argmax Z log P(wj|c) +1log P(c)
ceC =1

Trong qua trinh huin luyén, mo hinh Naive Bayes sé thuc hién tinh todn xdc suét ctia
tiing 16p cam xtc (negative/positive) dua trén tip dif liéu huén luyén bang cich dém s6
luong tir. Poi khi, Laplace Smoothing sé dudc dp dung dé ting tinh 6n dinh cho thuat

toan.
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Gia dinh doc 1ap thuong khong ding trong sy phtc tap cua ngén ngli con ngudi, trong
d6 phu thudc ngit canh va titr déng mot vai trd quan trong trong viéc truyén dat cam xuc.
Hon nifa, su phu thudc cia mo hinh vio tan sudt tif c6 thé dan dén viéc giai thich sai cdm
xtic trong cdc cum tif trong d6 phu dinh hoic tinh tif nhat dinh 1a mau chét. Tuy nhién,
toc do va su dé dang xt ly khdi luong dit liéu 16n ctia Naive Bayes 1a diéu 1am mo hinh

nay van dudc st dung phd bién trong cac bai toan phan tich cam xdc.
3.1.2 Maximum Entropy

Pai lugng Entropy [26] ctia mdt phan phdi xdc suat 12 mot do do vé su khong chic chén,
hay su khong du dodn dudc ctia mot bién ngau nhién lién tuc tuan theo mot phan phdi

xac suét cho trudc.

Entropy ciing c6 thé dudc dinh nghia 1a khéi lugng thong tin chifa trong mot bo dit liéu
cho trude. Vi duy, gia su ta cd cac quan sat X, ~ p va tap dit liéu 2 = (X1, ...,X,) dudc
tao ra tif mot phan phdi xdc suét p, phan phdi p sé c6 gid tri Entropy cao néu cdc quan
sat X,, 12 kho dé€ du doan. Khi nay bd dit liu 2 sé c6 khdi luong thong tin cao, ngudc lai,
néu tat ca cdc quan sat trong tap dif liéu 2 la gidng nhau, khi nay tap dif liéu & khong

chita qua nhiéu thong tin.

Mot céch toan hoc, v6i mot bién ngiu nhién 13i rac véi cic gid tri dau ra X1,X,..., X,
va xéc suat tuong ting 1a P (X,),P(X2),...,P(X,), dai luong Entropy H dudc dinh nghia

N

la:
H(X)=— iP(Xi)IOgP(Xi)
i=1

Mot tinh chit quan trong ciia entropy 12 dai luong nay sé dat cuc dai khi tit ca cac dau
ra ¢ xdc suat bang nhau va ngudc lai, cuc ti€u hoa khi c6 mot gia tri dau ra chic chin
x4y ra, hay xdc suat d€ su kién d6 xay ra bang 1. Theo d6, trong cdc ham phan phdi xic
suét ctia bién ngiu nhién lién tuc, Uniform la phan phdi xac suét c6 gia tri Entropy cao
nhat, phan phdi chuin 1a phan phdi ctia bién ngiu nhién lién tuc c6 gia tri Entropy cao

nhét véi ki vong p va phuong sai ¢ cho truéc.

Y tudng chinh ctia mo hinh Maximum Entropy trong linh vic Xt Iy ngdén ngit t nhién
[4] 1a st dung mot mo hinh xdc suét, trong d6 mo hinh sé chon ra mot phan phdi xic
sult c6 chi s6 entropy cao nhét véi cic rang budc cho trude. Céc rang budc nay thudng
dugc 14y tir tap dit liéu huin luyén. Di v6i bai todn phan tich cdm xiic, mé hinh MaxEnt

sé st dung céc dic trung tif cc vin ban trong bo dit liéu dé du doan cam xiic.
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3.1.3 Mo hinh XGBoost Classifier

XGBoost (eXtreme Gradient Boosting) [6] 12 mdt md hinh véi hiéu suit va do linh hoat
cao. XGBoost xdy dung mot cach tudn ty cic ciy quyét dinh, trong d6 cic ciy sau sé stia
10i clia cdc cay trude. Qua trinh ldp lai nay gidp cai thién kha ning ctia md hinh, tir d6

dua ra cac du doan chinh xac hon.

Dataset X

Treel{X,6} | | Tree2{X,0,) | | Treek{X,0} |

|
|
: Node splitting by
: objective function
|

___%c:;l %ual %i'd;al 1
| fX8) ! | AXE) | e | fa(X,6,0) | | A(X.6) |

________ - ]

2 (X,6,)

Hinh 3: Tong quan céach hoat dong mo6 hinh XGBoost

Trong bai todn phan tich cam xic, mo hinh XGBoost rt hidu qua bang cach xi ly cac
dit liéu vin ban (thong thudng dudc chuyén d6i qua dinh dang sd bang céc ki thuét nhu
TF-IDF hodc Word Embeddings) dé du do4n nhan tuong ung.

3.2 Huén luyén cac thuét toan may hoc

Sau khi da thuc hién tién xit ly va tokenize, ta c6 thé thuc hién viéc huin luyén mé hinh
Naive Bayes tu thu vién NLTK nhu sau:

featuresets = [(document_features(d), c) for (d, c) in documents]
train_set, test_set = train_test_split(featuresets, test_size=0.2,

< random_state=42)

# fit naive bayes classifier to the train set

nb_classifier = NaiveBayesClassifier.train(train_set)
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Sau do ta sé thuc hién du doan trén tap test:

true_labels = [label for (_, label) in test_set]
predicted_labels = [nb_classifier.classify(features) for (features, _) in

< test_setl]

Tuong tu dbi v6i md hinh Maxent, ta c6 thé thyc hién huin luyén va du doan dua vao
thu vién NLTK nhu sau:

maxent_classifier = MaxentClassifier.train(train_set, algorithm='gis', trace=0,

< max_iter=10)

true_labels = [label for (_, label) in test_set]
predicted_labels = [maxent_classifier.classify(features) for (features, _) in

< test_set]

Do thu vién NLTK khong hd trg viéc huan luyén md hinh XGBoost, nén viéc hun luyén
mo hinh va du doan c6 thé dugdc thuc hién nhu sau:

from xgboost import XGBClassifier

from sklearn.feature_extraction import DictVectorizer

X, y = zip(*featuresets)

# Transform the list of dictionaries into a 2D array

vectorizer = DictVectorizer(sparse=False)

X_transformed = vectorizer.fit_transform(X)

X_train, X_test, y_train, y_test = train_test_split(X_transformed, vy,

< test_size=0.2, random_state=42)

xgb_classifier = XGBClassifier(use_label_encoder=False, eval_metric='mlogloss')

xgb_classifier.fit(X_train, y_train)

predicted_labels = xgb_classifier.predict(X_test)
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4 CHUONG 4: PHAN TICH CAM XUC VA DU POAN BANG MO HINH ROBERTA

4.1 Cac mo hinh hoc sau dua trén Transformer

Pudgc gidi thi€u trong bai bao Attention Is All You Need bdi Vaswani et al. vao nam

2017 [29], Transformer 12 mot loai mang no-ron st dung dé gidi quyét bai todn dich

mdy. Transformer da ddnh bai nhiéu mo hinh truyén théng trong nhiéu nhiém vu NLP

va dugc st dung rong rdi trong cc ing dung thuc té.

Computational
and Memory
Complexity

O(n?)
/—/%

Linear
Concatenate

[

Scaled Dot-Product Attention

I .

[ Liﬂrs.ar ] J [ L\near ] J [ Lrinear] J

K \Y Q

—| Add &Norm

Output
Probabilities

Add & Norm
Feed Forward

Multi-Head
Cross-Attention

Feed Forward
Nx

Multi-Head
Self-Attention

N
Positional
Embedding

Input Embedding

inputs

xN

Masked
Multi-Head
Self-Attention

N e
@+——_ Positional

Embedding
Output Embedding

targets

Hinh 4: Téng quan kién triic m6 hinh Transformer [27]

Phan quan trong nhét ctia Transformer 14 co ché tw chii ¥ (self-attention). Tai mdi bu6c

thdi gian, mo6 hinh Transformer xem xét toan bd chudi dau vao d€ tinh toan trong s6 cho

mdi tir. C4c tif quan trong trong ngit canh dudc trong sd cao hon. Co ché ty chi y nay

cho phép mang hiéu ngii canh rong hon.

Tir khi ra doi, mo6 hinh Transformer da bung n6 va dudc xem nhu mot cudc cdch mang

trong linh vuc AI nho viéc dem lai nhiing cai tién dang k& trong hiéu suit xi Iy ngon

ngit tu nhién va con dudc st dung trong nhiéu loai dit liéu khac nhau nhu hinh anh
[11, 12, 14], dit liéu chudi thoi gian [1, 22, 32] va nhiéu linh vuc khéac. Tu sau nam 2017,

da c6 rat nhiéu cac mo hinh khac dugc phat trién dua trén mo hinh gbc d€ cai thién hiéu

suit dong thoi gidm bd nhd va yéu cau vé kha ning tinh todn, bao gom Linformer [30],

Performer [7], Longformer [3], ...
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Hinh 5: Tong quan cac huéng phat trién mo hinh Transformers [27]

4.2 'Téng quan kién tric md hinh BERT

BERT (Bidirectional Encoder Representations from Transformers) [10] 1a m6 hinh dugc
huan luyén dua trén kién tric mang Transformers [29]. M6 hinh BERT dudc thiét ké dé
pretrain trén cac biéu dién cla cac tif mot cach da chiéu tif cac vin ban khong c6 nhian

bang cach dua vao ca ngit canh theo chiéu tif trdi sang phai va ngudc lai trong tit ca cac
layers.

ﬁ Mask LM Me% LM \ MNLI MD Start/End Spm\
& ®

— e

BERT ... .............. . .. ..h o BERT

[eeaf & ] [& ][ Gwnl[e].. [&] [emall & ) (& [ e[ & | [&]
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Masked Sentence A Masked Sentence B Question Paragraph
* *
Unlabeled Sentence A and B Pair Question Answer Pair

Pre-training

Fine-Tuning

Hinh 6: Téng quan kién triic m6 hinh BERT [10]
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Mo hinh pretrained BERT da dat dudc nhitng két qua 4n tuong khi dugc tinh chinh

(fine-tuned) v6i cac tac vu khac nhau ma khong can phai dieu chinh kién tric mo hinh.

K& tir su ra doi cia mo hinh BERT, rit nhiéu cac mo hinh khac dua trén BERT da dudc
gi6i thiéu nham cai thién hiéu ning ctia BERT va tinh chinh trén cdc bd dif liéu trong

nhiéu linh vuc khic nhau. Hinh 7 liét k& cac md hinh ndi bat dua trén BERT qua cac

o
nam.
BERT (Devlin et al., 2018) RoBERTa (Liu et al, 2019) DeBERTa (He et al,, 2020) BARTpho (Nguyen et al,, 2022) ViDeBERTa (Tran et al., 2023)
ALBERT (Lan et al,, 2019) BART (Lewis et al,, 2020) MBART (Liu et al, 2022) ViSoBERT (Nguyen et al., 2023)
DistilBERT (Sanh et al., 2019) MBART (Liu et al,, 2020) PromptBERT (Jiang et al,, 2022)

SciBERT (Beltagy et al.,2019)  PhoBERT (Nguyen et al,, 2020) SpaBERT (Li et al, 2022)
BERTweet (Nguyen et al, 2020)

Hinh 7: C4ac m6 hinh ndi bat dua trén mo hinh BERT

4.3 Mo hinh RoBERTa

RoBERTa (Robustly Optimized BERT Approach) [16] 1a mdt md hinh dugc xay dung
trén nén tang ctia BERT vdi mot vai tinh chinh gitip cai thién két qua va hiéu sut trén
nhiéu chi s va tac vu khac nhau. Cu thé, RoBERTa dugc huin luyén trong thdi gian dai
hon va véi batch size 16n hon, dong thdi cac cu trong bd dit liéu huin luyén ciing c6
dd dai dai hon. Piéu nay cho phép mo hinh hoc dudc cac chi tiét phic tap tif mot khoi
luong 16n dit liéu. Thém vao d6, md hinh RoBERTa khong thuc hién huin luyén dua
trén du doan cau tiép theo (Next Sentence Prediction) nhu d6i véi BERT ma thay vao d6
chi huin luyén trén mot tic vu duy nhat 13 masked language model. Cubi cling, mo hinh
RoBERTa thuc hién mask céc dit liéu huin luyén mot cach linh hoat, cho phép mé hinh
hoc dugc nhiéu hon tir da dang cac biéu dién. Bing cic tinh chinh nay, RoBERTa 1a mo
hinh dat dudc cac két qua t6i wu va tot nhat vao thdi diém né dudc gi6i thiéu. Trong pham
vi d6 4n, mo hinh roberta-base 3 tit HuggingFace sé dudc st dung dé huén luyén cho

bai toan phan tich cam xuc.
4.4 Phan tich va du doan cam xic bang md hinh RoBERTa

Dau tién ta sé tao mot 16p dataset tuy chinh trong PyTorch, dudc thiét k& cho viéc huin
luyén m6 hinh RoBERTa. LSp ShopeeDataset dudc toi wu héa dé xi 1y dit liéu véi clu

tric dic biét, gitip qua trinh huin luyén tré nén hiéu qua va linh hoat hon.

Trong phuong thic khdi tao __init__, 16p nay nhan vao encodings - la cac vector dic

—_—

*https://huggingface.co/roberta-base

20


https://huggingface.co/roberta-base

trung da dugc ma hoa tir viin ban va 1a két qua clia qua trinh tokenization va labels (nhin

tuong tng cho mo6i mau di lidu).

Phuong thiic __getitem__ cho phép truy cip va trd vé mot mau dif liéu cu thé tii tap dit
liéu, bao gdm ca ma héa va nhan, dua trén chi sb dudc cung cip gitip ddm bao rang mdi

1an 14y mAu d€ huin luyén, mo hinh sé nhan dudc diing dit liéu va nhin tuong dng.

Cubi cung, phuong thiic __len__ cung cap kich thudc t&ng thé ctia tip dit liéu. Thong

tin nay can thiét cho viéc quan ly vong lip huén luyén va danh gid mo hinh.

# Dataset class
class ShopeeDataset(torch.utils.data.Dataset):
def __init__(self, encodings, labels):
self.encodings = encodings
self.labels = labels

def __getitem__(self, idx):
item = {key: torch.tensor(val[idx]) for key, val in
- self.encodings.items ()}
item['labels'] = torch.tensor(self.labels[idx])

return item

def __len__(self):

return len(self.labels)

Tiép theo ta sé chuin bi va huin luyén mot mo hinh RoBERTa cho nhiém vu phén loai
cac doan vin ban st dung thu vién PyTorch va Transformers ctia Hugging Face. Pau tién,
dit liéu huén luyén va kiém tht dudc ma héa bing tokenizer, v6i viéc cat xén (truncate)
va dém (padding) d& dam bao moi chudi c6 do dai nhat quan. Sau do, hai tap dit liéu

train va test sé dudc tao ra.

Tiép theo, md hinh RoOBERTa dudc ti vé vé6i cic trong s6 da dudc huin luyén trude. Cac
tham s6 huan luyén nhu epoch, batch size, warmup_step va weight_decay dudc dinh

nghia trong Training Arguments.

Sau d6 ta sé khdi tao Trainer v6i md hinh RoOBERTa, céc tham s6 huin luyén, va tap dit
liéu huin luyén va danh gid. Cudi cung, phuong thiic trainer.train() dudgc goi d€ bat dau
quéa trinh huan luyén mo hinh trén tap train v6i s6 epoch va cac tham s6 huén luyén khéc

da dudgc xac dinh.
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# Tokenize the data
train_encodings = tokenizer(X_train.tolist(), truncation=True, padding=True)

test_encodings = tokenizer(X_test.tolist(), truncation=True, padding=True)

# Create datasets
train_dataset = ShopeeDataset(train_encodings, y_train.tolist())

test_dataset = ShopeeDataset(test_encodings, y_test.tolist())

# Load pre-trained model

model = RobertaForSequenceClassification.from_pretrained('roberta-base')

# Training arguments

training_args = TrainingArguments (
output_dir='./results',
num_train_epochs=3,
per_device_train_batch_size=8,
per_device_eval_batch_size=8,
warmup_steps=500,
weight_decay=0.01,
logging dir='./logs',

# Trainer

trainer = Trainer(
model=model,
args=training_args,
train_dataset=train_dataset,

eval_dataset=test_dataset

# Train the model

trainer.train()
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5 CHUONG 5: PANH GIA KET QUA

Thong qua cac ma trAn nham 14n, mo hinh RoBERTa 1a mo hinh ¢6 ty 1& du dodn ding
cao nhit, dic biét 1a trong viéc du doan cac nhin Positive, xép sau d6 12 mo hinh XG-

Boost, Maxent, Naive Bayes.

Naive Bayes Confusion Matrix

True

Predicted

(a) Naive Bayes

XGBoost Confusion Matrix

Maxent Confusion Matrix
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500

400

True

- 300

-100

Predicted
(b) Maxent

RoBERTa Confusion Matrix

700

600

500

400

True
True

Predicted

(d) RoBERTa

Predicted
(c) XGBoost

Hinh 8: Ma trin nham 14n thé hién két qua du dodn ctia cdc mo hinh

Dua trén két qua danh gia md hinh thong qua céc chi s 12 Accuracy, Precision, Recall,
F1-score, nhém da c6 mdt cdi nhin téng quan hon vé hiéu suit ctia cac mo hinh. Piing
dau 12 mo6 hinh RoBERTa vé6i diém s6 tdt nhat & mbi chi sd va déu trén mic 0.9, Piéu

nay cho thy kha ning phan loai cao va hiéu suit &n dinh ctia mé hinh.

Tiép theo mo6 hinh XGBoost ciing ghi diém véi hiéu suit 6n dinh va dong déu trong viée
phan loai, XGBoost c6 két qua gan bang vi RoBERTa, céc chi s6 bang nhau va ¢ miic
0.9.
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Model Performance Metrics
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Hinh 9: Két qua danh gid cdc mo hinh trong tdc vu Phan tich cdm xdc trén bo dit liéu
Shopee Customer Data. C6 thé thly RoBERTa l1a md hinh ¢6 két qua tot nhit so véi cac

mo hinh mdy hoc con lai.

Hai md hinh con lai, Naive Bayes va MaxEnt, ciing dem lai hiéu suat tét véi cac chi
s6 nam trong khoang tir 0.85 dén 0.87. Mic du khong dat dugec mic diém sb cao nhu
RoBERTa va XGBoost, nhung van cho thiy kha ning phan loai kh4 tét.

Metrics
Model
Accuracy Precision Recall F1 Score
Naive Bayes [17] 0.85 0.87 0.85 0.85
MaxEnt [4] 0.87 0.88 0.87 0.87
XGBoost [6] 0.90 0.90 0.90 0.90
RoBERTa [16] 0.96 0.94 0.97 0.95

Bang 2: Panh gia cac mo hinh phan 16p

Téng thé, nhém nhan thy ring md hinh hoc sau trong linh vuc NLP, nhu RoBERTa,
thuong mang lai két qué tot hon so véi cdc mo hinh truyén théng nhu Naive Bayes va

MaxEnt, dic biét trong viéc xi ly va hi€u ngdn ngii tu nhién.
So sanh thdi gian thuc thi cda cac mo hinh

Sau khi tién hanh phan tich va so sanh hiéu suét giita cdc md hinh, nhém tiép tuc danh

gi4 thoi gian thuc thi ciia cdc mo hinh d€ xem xét md hinh nao cho két qua tdi vu vé ca
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thdi gian 1an hiéu suét.

Comparison of Model Execution Time

104 ]

103 |

Execution Time (ms) - Log Scale

Naive Bayes XGBoost MaxEnt
Models

Hinh 10: Thoi gian thyc thi cic md hinh

Hinh 10 cho thdy mé hinh Naive Bayes c6 thdi gian thuc thi t6i uu nht, thip hon han
so v&i 2 md hinh con lai 12 XGBoost Models va Maxent. Piéu nay cho thdy mo6 hinh
Naive Bayes khong chi c6 hiéu suét t6t trong viéc nhan dién cdc ddnh gia tiéu cuc ma
con mang lai 16i ich vé mit thdi gian, 1am cho né trd thanh mot su Iva chon hop 1y cho

cac ing dung yéu ciu c4 hiéu suit va t6i uu hoa thoi gian thuc thi.
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6 CHUONG 6: TRIEN KHAI VA UNG DUNG MO HINH
6.1 Trién khai va tng dung cac mé hinh may hoc
Céc md hinh mdy hoc di dudc huin luyén sé dudc Ivu dudi dang file pkl dé trién khai

ting dung. Chi tiét code cai dit ing dung nim & phan Phu Luc A. Ung dung d€ trién khai
cac mo hinh may hoc c6 giao dién nhu sau:

® 0 Sentiment Analysis Ul

Enter review:

Choose a model:

Maxent
Naive Bayes
XGBoost

Hinh 11: Ung dung trién khai cic md hinh may hoc cho phép ngudi dung nhap danh gia

truc tiép va chon mo hinh du dodn

Sau khi nhap vao ciu danh gid, lya chon md hinh, va nhin nit Predict Sentiment, dng
dung sé tra vé két qua du doan nhu sau:

‘o0 @ Sentiment Analysis Ul
Enter review:

| love this app, | use it all day.

Choose a model:
XGBoost v

Predict Sentiment

Positive Review

6.2 Trién khai va ing dung cAc mo hinh RoBERTa

Mo hinh RoBERTa sau khi di dudc huan luyén trén bo dit liéu Shopee App Review
sé dudc trién khai trén Hugging Space va tao mot giao dién web truc quan thong qua
Gradio:
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sec:ml-ui

UNIVERSITY

Natural Language Processing Final Project

Sentiment Analysis Based on Customer Feedback on Shopee Platform
DPinh Trong Hiu
Nguyén Thj Phuong Thao

Nguyén Quéc Viét

RoBERTa Sentiment Analysis

"Creating safe AGI that benefits all of humanity"

input_text output

Clear Submit

Hinh 12: Website trién khai mo hinh RoBERTa thong qua Gradio dé thuc hién du doan
tif Review dudc nhap truc tiép tif ngudi dung. Truy cip website tai https: //ueh-nlp.
github. 10/

Nhom sé thuc hién thit v6i ndi dung cau danh gia nhu sau:

4 )
I love this app although some of my friends said they are
disappointed. I admit that I did feel pissed off sometimes when I
use the app, but it’s smooth and easy to use in general. However, the

call service are very impolite.

N\ J
Tam dich:
4 )

T6i rat thich tGng dung nay mic di mdt vai ngudi ban cla tdi bdo ring
ho rit thit vong. T6i thita nhan ring d6i khi tdi rit tidc gidn khi st
dung dng dung, tuy nhién nhin chung thi né vin mugt md va dé st dung.

Mic du vay, ddi ngii hd trg qua dién thoai rit bat lich su.
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UNIVERSITY

Natural Language Processing Final Project
Sentiment Analysis Based on Customer Feedback on Shopee Platform
Binh Trong HGu
Nguyén Thj Phuong Thao
Nguy&n Quéc Viét

RoBERTa Sentiment Analysis

"Creating safe AGI that benefits all of humanity"

input_text output

love this app although some of my friends said they are disappointed. | admit that | did feel pissed [{'label': 'POSITIVE} 'score': 0.8808093667030334}]
off sometimes when | use the app, but it's smooth and easy to use in general. However, the call
service are very impolite.

Clear Submit

Miic dui ciu danh gia dudc cb tinh tao ra v6i su phtc tap trong ngit nghia ("mdot vai ngudi
ban ctia toi bao riang ho rét thit vong", "thita nhan rang d6i khi t6i rat tic gian", "doi ngi
hd trg qua dién thoai rit bat lich su"), m6 hinh RoBERTa van cho ra két qua du doan cau
ding v6i nhin Positive cho thiy kha ning hiéu dugc ngit canh ctia mo hinh. Trong khi
do, cuing cung cau danh gia trén, mo6 hinh Maxent va Naive Bayes s€ phan loai sai thanh
nhin Negative, tuy nhién, m6 hinh XGBoost s& cho két qua phan loai ding v6i nhin

Positive.
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7 CHUONG 7: KET LUAN VA HUONG PHAT TRIEN

7.1 Cac két qua dat dugc

Thong qua dd 4n, nhém da thuc hién viéc thu nhap, tién x 1y, huan luyén cidc mo hinh
mdy hoc ciing nhu hoc sau, dong thdi xay dung tng dung va web dé trién khai cic md

hinh, dem dén mdt trai nghiém truc quan cho ngudi dung.

Cic két qua dat ducc dua vao céc chi sd ciing rat 4n tudng, véi tiéu biéu nhét 1a mo hinh
RoBERTa véi do chinh xdc 1én dén 96%. Tuy nhién, ddnh ddi lai 1a thoi gian dé€ huin
luyén mo6 hinh RoBERTa con kha cham. Cac md hinh mdy hoc ciing dat dudc két qua
phan loai rat 4n tuong, v6i dd chinh x4c dao dong trong khoang 85-90%.

V& phan giao dién, nhém trién khai xay dung ting dung c6 thé cai dit mot cach truc
tiép trén mdy cuc bo clia ngudi dung d6i v6i cic md hinh may hoc. Pdi véi md hinh
RoBERTa2, nhém thuc hién trién khai mo hinh thong qua Hugging Face Space dong thoi
xay dung website d€ ngudi dung trai nghiém mo hinh mot cach truc quan tai https:
//ueh-nlp.github.io/.

7.2 Hudng phat trién

Hudng phat trién cho dé tai nay 12 md rong pham vi nghién ctu tit Tiéng Anh sang
Tiéng Viét, nham dap ting nhu ciu ngay cang ting clia cong dong ngudi dung Viét Nam.
Diéu nay c6 thé dudc thuc hién bing cach tian dung cdc mo hinh hoc sau hién dai dudc
huan luyén riéng trén tiéng Viét nhu URA-Llama 4 PhoBERT [18], ViSoBERT [19],
SealLLLMs [21], VinaLlama [20] d€ thuc hién viéc dich thuét sang tiéng Anh va dua vao

ciac mo hinh khac dé du dodn.

Ngoai ra, viéc bd sung cdc thong tin lién quan nhu céc thudc tinh khac va nhém ngudi
dung 12 mot huéng phat trién khac c6 thé cung cap su da dang va do chi tiét hon vé danh
gia. M6 hinh phan loai lic nay s€ danh gia dya trén tung nhom ngudi dung hodc thudc
tinh d€ tao ra mot hé thdng danh gid phan hdi da chiéu va hi€u ro hon vé nhu cau va

mong mudn cu thé clia tiing d6i tuong.

Ngoai ra, d6i v6i mo hinh RoOBERTa, d€ ting toc do huin luyén md hinh ciing nhu gidm
thi€u s6 tham sb can tdi wu, viéc ap dung cac ki thuat nhu LoRA [13], QLoRA [9] ciing
12 mot huéng phat trién tiém ning. Thém vio d6, mot cch tiép can khac dbi vé6i bai toan
phan tich cdm xtc 1a tAn dung kha nidng hoc in-context v4i su phat trién ctia cac md hinh
ngdn ngit 16n [24, 5, 8, 23, 28]. Piéu nay gidp tiét kiém chi phi va thdi gian mot cach

dang k€ vi cdc md hinh khong can dugc phai huin luyén tir dau.

“https://huggingface.co/ura-hcmut/ura-llama-70b
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8 PHU LUC

A Cai dat giao dién ing dung cac mo6 hinh may hoc

Dau tién ngudi dung can truy cip GitHub va clone vé repo tai https://github.com/
quocviethere/UEH-NLP-Sentiment-Analysis bing lénh sau:

git clone https://github.com/quocviethere/UEH-NLP-Sentiment-Analysis

Sau khi cai dit thanh cdng, Terminal sé hién thi nhu sau:

® (base) quocviet@guyens-MacBook-Pro-8 UEH-NLP-Sentiment-Analysis % git clone https://github.com/quocviethere/UEH-NLP-Sentiment-Analysis
Cloning into 'UEH-NLP-Sentiment-Analysis'...
remote: Enumerating objects: 97, done.
remote: Counting objects: 100% (97/97), done.
remote: Compressing objects: 100% (78/78), done.
remote: Total 97 (delta 45), reused 52 (delta 16), pack-reused @
Receiving objects: 100% (97/97), 1.11 MiB | 2.22 MiB/s, done.
Resolving deltas: 100% (45/45), done.
(base) quocviet@iguyens-MacBook-Pro-8 UEH-NLP-Sentiment-Analysis % [i

Sau d6 nhap 1énh:

python app.py

Luc nay giao dién ing dung sé dudc tu dong hién ra.
B Ma nguon Github

Toan bd Source Code thuc hién du an va md ta dudc dang tai tai https://github.
com/quocviethere/UEH-NLP-Sentiment-Analysis

C Bang phan cong

Thanh vién Phan cong Panh gia
Tién xit Iy va EDA dif liéu
Dinh Trong Hiiu Cai dit va ly thuyét mo hinh Naive Bayes 100%

Két luan va huéng phat trién
Tién xt ly va EDA dit liéu
Nguyén Thi Phuong Thao | Cai dit va ly thuyét mo hinh Maxent 100%

Danh gia cac thuat toan may hoc

Cai dat va ly thuyét md hinh RoBERTa va
~ PR XGBoost

Nguyen Quoc Viét . N . 100%
Cai ddt giao dién cac mo hinh mdy hoc

Lam web trién khai md hinh RoBERTa
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